Introduction
The use of herbal remedies by all stratums of people is on the increase worldwide.
Phytotherapy is a major form of treatment for more than 70% of the world"s population. Herbal preparations have a role to play in modern medicine, and there is clear evidence of their therapeutic benefits [1] . It is a widely held belief that herbal preparations are "natural". However, despite the belief and claim of being natural and safe, herbal remedies have been associated with lethal effects which have been attributed to several factors including hepatic toxicity of main constituents and contamination of preparation by heavy metals or microorganisms [2] .
Telfairia occidentalis Hook. f. (Cucurbitaceae) is a tropical vine grown in West Africa as a leaf vegetable and for its edible seeds. Common names of the plant include "fluted gourd" and "fluted pumpkin". In Nigeria, the leaf is consumed in different parts of the country because of the numerous nutritional and medicinal attributes ascribed to it. It has different traditional names; among Igbos it is known as "Ugu"; "Iroko" in Yoruba; "Ubong" in Efik and "Umeke" in Edo [3] . In folkloric medicine, the fresh leaves are used in the treatment of anemia, sudden attack of convulsion and malaria [4] [5] [6] . Extracts of TO have been scientifically investigated and reported to possess anti-anaemic [5] , hepatoprotective [7] , hypoglycemic [8] , antinociceptive and antiinflammatory activities [9] .
In view of the importance of toxicological evaluation in drug and standardized herbal remedy discovery and development, the evaluation of the hydroethanolic leaf extract of TO for its acute and sub-chronic toxicological effects, conducted in this study, is worthwhile. Apart from the scientific assessment of the safety of the extract, other potential benefits in the treatment of human diseases, associated with long-term administration, may also be detected. Research [10] .
Phytochemical Screening
Preliminary phytochemical screening was done according to the methods of Harbone [11] , Trease and Evans [12] and Edeoga et al. [13] .
Acute Toxicity Test
Mice of both sexes which had been fasted for 12 h prior to the test were administered the extract orally at the dose of 5000 mg/kg and intraperitoneally at 1000 -5000 mg/kg. Animals were observed for 2 h post-administration for behavioral changes and signs of toxicity. Mortality observed in each group within 24 h was recorded. Surviving animals were observed further for 14 days for any signs of delayed toxicity. The LD 50 was estimated by the log dose-probit analysis method [14] .
Sub-chronic Toxicity Test
Sixty four male albino rats were randomly divided into 4 groups (n=16). Animals in the different groups were daily treated with distilled water (control; Group I) and TO extract at doses of 80 (Group II), 400 (Group III), and 2000 mg/kg (Group IV) orally. The doses of the extract used in this study represent the sub-therapeutic, therapeutic, and supra-therapeutic doses respectively [15, 16] . The therapeutic dose of 400 mg/kg was the most effective dose in a previous study on the analgesic and anti-inflammatory activities of the extract [9] . Animals were weighed on days 0, 7, 14, 21, 28, 35, 42, 49, 56, 61. They were also observed for behavioral and morphological changes.
Blood and Tissue Collection
Twenty four hours after the last administration, some animals (n=10) were sacrificed while the rest were sacrificed 30 days later (reversibility studies). The animals were anaesthetized using 1 % chloralose in 25 % urethane (w/v) (5 mL/kg, i.p.) [16] and blood samples were collected for haematological and biochemical analysis. The animals were carefully dissected and vital organs including the lungs, spleen, pancreas, brain, heart, liver, kidney and testis were identified, cleared of adherent tissues and harvested. The organs were then rinsed with normal saline, drained on filter paper, carefully examined for gross lesions, and weighed (MettlerToledo GmbH digital weighing balance; Type BD202, SNR 06653). Each organ was grossly observed for visible lesions and thereafter standardized for 100 g body weight. Samples were taken from each of the organs for determination of antioxidant indices. The remnants of the organs were preserved in properly labeled containers with 10% formal saline and kept for histopathological assessment [17] . Semen was also obtained for sperm motility, count, and morphology analysis [18] . Mortality in each treatment group was recorded in the course of the experiment.
Sub-chronic Toxicity Reversibility Test
Six rats from each group were reserved for the reversibility study in which treatment was discontinued and the animals were allowed free access to food and water only for 30 days.
Samples were collected from animals after 30 days of cessation of extract administration for analysis as done in the main study. 8 
Sperm Analysis
Seminal fluid obtained from male animals across the different treatment groups was analyzed to determine sperm motility, count, and morphology using the methods of Cheesbrough [22] and Ogli et al. [18] .
Statistical Analysis
Results obtained in this study are expressed as mean ± S.E.M. Data were analyzed statistically using one-way ANOVA and Student"s t-test for both the main and reversibility studies using GraphPad Prism 6 software (GraphPad Software Inc., CA, USA). Values of p<0.05 were taken to imply statistical significance.
Results

Phytochemical Screening
The results of the preliminary phytochemical screening showed the presence of oils, saponins, phlobatannins and tannins in the hydroethanolic leaf extract of T. occidentalis.
Acute Toxicity Test
In the acute toxicity test, no mortality and visible signs of toxicity were observed upon administration of TO orally up to 5 g/kg within14 days of observation. Administered i.p., mortality was 0% at the lowest dose of 1000 mg/kg and 100% at the highest dose of 5000 mg/kg.
The LD 50 of the extract administered i.p. was estimated to be 3200 mg/kg. The behavioral manifestations observed after intraperitoneal treatment include reduced locomotion, serenity, writhing and increased respiratory rate.
Effect of TO on Body Weight, Food and Water Intake
There were no significant changes (p < 0.05) observed in the body weight, food and water intake of rats in all the treatment groups during the 60 days of administration of the extract (Table 1) .
Effect of TO on Weight of Vital Organs (per 100 g body weight)
T. occidentalis extract did not generally produce any significant effect on the weight of vital organs in all the treatment groups when compared with the control group, except in respect of the dose of 80 mg/kg at which there was a significant increase (p < 0 .05) in the weight of the kidney and the dose of 2000 mg/kg at which a significant reduction (p < 0.01) in the weight of the testes relative to the control value was observed. The effects produced in the testes and kidney was reversed upon cessation of treatment for 30 days (Table 2) .
Effect of TO on Haematological Parameters
The extract did not produce any significant effect on haematological parameters after 60 days of administration in all the treatment groups when compared with the control group except in respect of hemoglobin in which there was a significant increase (p < 0.05) at doses of 80 mg/kg and 400 mg/kg. There was also a significant increase (p < 0.05) in PCV of the groups treated with the extract at doses of 80 mg/kg and 400 mg/kg relative to the control group. TO extract elicited a significant (p < 0.05) increase in RDW-CV at the dose of 2000 mg/kg relative to control. The effects T. occidentalis on Hb, PVC and RDW-CV were reversed after 30 days of cessation of administration (Table 3 ).
Effect of TO on Serum Biochemical Parameters
There was a significant increase in the concentration of total protein at doses of 80 mg/kg, 400 mg/kg, and 2000 mg/kg, at levels of p < 0.01, p < 0.01 and p < 0.05 respectively, compared to control. There was also a significant increase (p < 0.05) in concentration of total bilirubin at doses of 400 mg/kg and 2000 mg/kg relative to control. The concentration of AST decreased at significant levels of p < 0.01 and p < 0.05 at doses of 400 mg/kg and 2000 mg/kg respectively, relative to the control. There was also a significant reduction in concentration of ALT at doses of 400 mg/kg and 2000 mg/kg at p < 0.05 and p < 0.001 respectively, compared with control.
There was a significant increase (p < 0.05) in concentration of ALP at doses of 80 mg/kg, 400 mg/kg and 2000 mg/kg relative to control. There was a significant reduction (p < 0.05) in concentration of total cholesterol at the dose of 400 mg/kg and a significant increase (p < 0.05) in concentration of HDL at doses of 80 mg/kg, 400 mg/kg, and 2000 mg/kg compared to control value ( Table 4 ). The effects on total bilirubin, total cholesterol, AST, ALT, and ALP were reversed after 30 days of discontinuation of administration of extract. There was significant increase (p < 0.05) in total protein at the dose of 2000 mg/kg relative to the control (Table 4 ).
There were no significant effects observed on the level of serum creatinine, urea, and electrolytes in respect of the extract, compared with the control group, in all the treatment groups. However, there was a significant decrease (p < 0.05) in the level of urea at the dose of 80 mg/kg compared to the control value. There was also a significant increase (p < 0.05) in concentration of PO 4 2-at the dose of 400 mg/kg and Ca 2+ at the dose of 2000 mg/kg relative to the control values. These effects were reversed after 30 days of cessation of administration of T. occidentalis (Table 5) .
Effect of TO on Antioxidant Indices of Rat Kidneys, Testes, Brain and Liver
There was no significant difference in the levels of the various antioxidants (non-enzymatic-GSH; enzymatic-SOD and CAT) and MDA in the kidney (Table 6 ). In the testes, there was a significant decrease (p < 0.05) in the level of SOD at the dose of 2000 mg/kg and a significant increase (p < 0.01) in the level of MDA compared to the control value. Also, there was a decrease in the level of MDA at the dose of 400 mg/kg compared with the control. In the brain, there was a significant increase in SOD level at doses of 400 mg/kg and 2000 mg/kg when compared with the control value. Also, there was a significant increase (p < 0.05) in GSH level at the dose of 2000 mg/kg relative to control. In respect of the liver, there was a significant increase (p < 0.05) in GSH level at doses of 400 mg/kg and 2000 mg/kg relative to control. Also, there was a significant increase (p < 0.05) in SOD and decrease in MDA levels at the dose of 400 mg/kg compared to the control (Table 6 ).
There were no significant differences in the level of antioxidant enzymes in the kidneys across the treatment groups after 30 days discontinuation of therapy. The effects on SOD and MDA in the testes were reversed upon cessation of treatment after 30 days. In respect of the brain, there was a significant increase (p < 0.05) in the level of SOD at the dose of 400 mg/kg and also significant increase (p < 0.05) in GSH level at the dose of 2000 mg/kg when compared to the control group value in the reversibility study. In the liver, the effects elicited were reversed (Table 6 ).
Effect of TO on Sperm Motility, Sperm Count and Morphology (% Abnormality)
The extract did not show any significant effect on sperm morphology in all the treatment groups when compared with the control group. In respect of sperm motility, the extract showed a significant increase (p < 0.01) at the dose of 80 mg/kg and a significant decrease (p < 0.001) at the dose of 2000 mg/kg relative to control. Also, there was a significant increase (p < 0.05) in sperm count at the dose of 80 mg/kg and a significant decrease (p < 0.05) in sperm count at the dose of 2000 mg/kg compared to the control. However, the reversibility study showed no significant (p > 0.05) difference in these parameters between the control and extract treated groups of rats (Table 7) .
Histopathological Assessment of Selected Organs of Treated Rats
Generally, there were no adverse histopathological presentations observed in the treatment groups but cerebral oedema was observed in the 400 mg/kg group ( Figure 1 ). Neuron cell bodies were displayed on a loose fibrillary background.
The heart was normal in all the treatment groups. The cardiac myocytes were arranged in interlacing and parallel array. Their nuclei were spindle shaped and elongated ( Figure 2 ). There The pancreas was normal in all the treatment groups. Closely packed acini, separated by delicate fibrocollagenous stroma that transmits blood vessels were observed ( Figure 6 ).
Histopathological presentations of the spleen in all treatment groups were normal showing lymphoid follicles (Figure 7 ).
In respect of the testes, normal Histopathological presentations were observed in all the treatment groups except in the group treated with T. occidentalis at the dose of 2000 mg/kg which showed mild testicular atrophy, spermatogenic series lining diminished and no luminal spermatozoa ( Figure 8 ).
Discussion
Globally, there are diverse medicinal plants and botanical drugs which have been vastly adapted as major therapeutic agents or supplements for treatment of various human diseases [23] .
As a result of abundant usage and propensity for prolonged use of the fresh leaves of T.
occidentalis in traditional medicine, the evaluation of acute and sub-chronic toxicological effects of the hydroethanolic leaf extract of the plant was carried out in this study.
T. occidentalis did not induce mortality in mice when administered orally up to 5 g/kg.
Therefore, the herbal preparation can be said to be relatively safe in accordance with the suggestion of Hayes [24] that no dose-related toxicity should be considered above 5 g/kg body
weight. There were no visible signs of delayed toxicity. However, the LD 50 when the extract was administered intraperitoneally was calculated to be 3200 mg/kg.
Administration of the hydroethanolic leaf extract of T. occidentalis at the therapeutic dose (400 mg/kg) did not produce any significant effect on the weight of rats and vital organs over the entire duration of administration. Reductions in body weight gain and internal organ weights are sensitive indices of toxicity after exposure to toxic substances [25, 26] . Also, there were no significant changes in food and water intake. reversed. This suggests that these effects were not continuous upon cessation of administration.
In respect of the sub-therapeutic dose (80 mg/kg), the hydroethanolic extract of T.
occidentalis did not produce any significant effect on body weight, food and water intake when compared with the control group at the end of the 60 days treatment period. There was no significant change in the weight of vital organs except significant increase in the weight of the kidneys. Haematological function showed a significant increase in PCV and Hb levels which possibly suggests blood boosting anti-anaemic effect. There was a significant increment in sperm motility and sperm count, with no significant effect on percentage sperm abnormality. This T. occidentalis at the supra-therapeutic dose (2000 mg/kg) did not produce any significant effect on body weight, food and water intake in rats relative to control. There were no significant changes in the weight of vital organs except in respect of the testes which showed a significant decrease. There was a significant reduction in sperm mortality and sperm count, with no significant effect on percentage sperm abnormality. This suggests that the extract at the supratherapeutic dose has the potential to cause male sterility with prolonged treatment. Antioxidants and MDA level estimation in the testes showed a significant decrease in SOD and increase in MDA levels. Superoxide dismutase is an enzyme that alternately catalyzes the dismutation (or Histopathological assessment of the testes at this dose revealed mild testicular atrophy, diminished spermatogenic series lining and no luminal spermatozoa. In the brain, T. occidentalis generally showed no significant effect on antioxidants and MDA level, but there was a significant increase in SOD level. This indicates enhancement of free radical scavenging ability in the brain by the extract. Antioxidants and MDA levels in the kidney and liver did not show any significant change. However, an increase in GSH level was observed in the liver. This shows enhancement of free radical scavenging ability of the extract in the liver. In respect of the kidney function, there were no significant changes in the level of urea and electrolytes generally, except a significant decrease in the level of creatinine. This suggests that the extract at this dose may not be toxic to the kidneys. In respect of biochemical estimation, there was a significant decrease in serum concentration of AST and ALT. The serum levels of these enzymes are raised in acute liver damage. ALT is largely found in the liver and is commonly used as a biomarker for liver problem [36] . The observation at this extract dose in respect of AST and ALT revealed that the extract did not elicit deleterious effect on the liver. There were significant increases in total protein, total bilirubin, ALP and HDL. Increase in HDL suggests potential cardioprotective ability of the extract at the supra-therapeutic dose.
Conclusion
The results obtained in this study suggest that the hydroethanolic leaf extract of T.
occidentalis is relatively safe after acute and sub-chronic oral administration. The extract demonstrated potential to elicit blood boosting anti-anaemic effect, reduce the risk of atherosclerosis and cardiovascular disease, and enhance antioxidant status in the brain and liver at therapeutic doses. However, the extract could be harmful to the testes on prolong oral exposure at a high dose, possibly predisposing males to sterility, thus caution should be exercised in respect of high dose and long duration of use. Tukey"s multiple comparison test). Table 2 . Effect of TO on vital organs weight (per 100 g body weight). Values are expressed as mean ± S.E.M. (n=5 for main study and n=3 for reversibility study). 
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